SUMMARY The association between high myopia and cataract is already well established and an association between simple myopia and cataract has been suggested, but it has not been clear to what extent the myopia precedes the cataract or is the result of it. The present study compares the refraction of a group of 100 British patients at the time of first presentation with cataract in whom the refraction was also known four years previously, with a group of matched controls in whom the refraction was also known four years previous to presentation. The study shows that simple myopia does not appear to predispose to cataract. It is the development of the cataract itself, in particular nuclear sclerosis, which causes the refractive change towards myopia. The myopic change precedes the development of cataract, and patients over the age of 55 showing a myopic change in refraction have a very high probability of developing nuclear sclerotic cataract. The healthy aging eye and eyes with cortical cataract or subcapsular cataract, but without nuclear sclerosis, continue to show a gradual hypermetropic change with time.
The relationship of cataract to high (or degenerative) myopia is a well accepted concept.' It has also been considered that this relationship may extend to involve simple myopia and attention has been focused on this recently by Weale,2 Perkins,' and Von Kluxen,4 who each examined the refractive state of patients presenting at hospital with cataract and found an excess incidence of myopic refraction in them. Racz et al, who examined patients with presenile cataract coming to surgery, found an excess incidence of myopia; the -19 to -21 dioptre group being well represented, which further confirms the association of cataract with the higher degrees of myopia.
Nuclear sclerotic cataract itself causes a change towards myopia, and so it is not possible to draw conclusions from these previous studies about the basic refractive states of the patients prior to the development of cataract. It is the object of the present study to make a contribution in this field.
Material and methods
It was decided to study a minimum of 100 patients presenting with cataract, in whom the refraction Correspondencc to Nicholas PhcIps Brown, 63 Harlcy Strcet, London WIN 1DD.
was known four years prior to the development of cataract, and to compare them with the same number of controls, matched for age, in whom the refraction was also known four years prior to the time of presentation. A period longer than four years would have been preferred but would have severely limited recruitment.
The patients with cataract and the controls were all patients attending a central London ophthalmic practice, with the expectation of a refractive examination and unaware of any eye disease. Only Caucasian subjects resident in England were accepted, in order to exclude the effects of differing environments. They could be admitted to the study if they had already attended four years previously. Patients were assigned to the cataract group when they had cataract visible by slit-lamp examination in the undilated pupil and at least minimal interference with visual acuity 6/7-5 or worse after refractive correction. It was decided to exclude high myopia and a limit was set at -12 D. Patients and controls were excluded if they had a recognised potential cause of cataract, including diabetes. Both the patients and controls were recruited strictly in order of their presentation without the exclusion of any cases that satisfied the above criteria. No attempt was made to match patients and controls for sex, but a 405 rig. ia The refractions were recorded, and to facilitate analysis they were simplified to spherical equivalent to the nearest 0125 dioptres (ie., spherical component plus half cylindrical power in dioptres). By comparing the refraction at the time of presentation with cataract with the refraction four years previously the change in refraction could be determined. To simplify the tabulation of the results in respect of age the subjects were grouped into five-year age categories.
The cataracts were classified at the slit-lamp into cortical, nuclear, and subcapsular (Figs. la, b, and c). Although more than one cataract type may be present in an eye, it is possible to assess the refractive change associated with each cataract type separately or in combination by grouping the data as in Fig. 2 . By this means it is possible to partition the data in a number of ways, either by using mutually exclusive categories or, for example, by comparing all cataracts having nuclear sclerosis against those without nuclear sclerosis.
Results
The age distributions of patients presenting with cataract and the matched control group are shown in Fig 3, These frequencies are from a total of 1 10 patients presenting with cataract, of which 18 were uniocular (10 right and 8 left). However, the small sample size and related high variance of some of the cataract categories (notably C) precludes a useful analysis of the data as presented in Table 3 . For example, the negative mean refraction of the subcapsular group (C) at both examination times is due almost entirely to the occurrence of one patient with bilateral high myopia as detailed in the footnote to Table 3 . Nevertheless, all analyses presented in this paper include this myopic case, t The computed mean values and standard deviations for 'refractive change' (ic., 'presentation' minus 'prior') are based on individual differences for all patients. Consequently, where the mean 'refractive change' does not exactly correspond with the difference between the means for 'presentation' and 'prior' refractive states this is a result of variance in the data.
f For details of the number of eyes in each group see Table 1 , where x = mean and SD = standard deviation. Table 3 .) The distribution of the change in refractive error over time for the nuclear and non-nuclear cataract groups is shown in Figs. 6 will be seen that there was neither a significant interaction of refractive change between ametropia and cataract type, nor was there a significant main effect due to ametropic state. This implies that the mean refraction for the sample of myopes and the sample of hypermetropes did not differ between the cataract group and the controls. The data were examined further to determine whether there was a greater proportion of myopes than of non-myopes in Spherical Equivalent Refraction (dioptres) Fig. 5d the cataract group at four years prior to presentation. Table 7 shows there was no difference between the cataract group and controls in the proportion of myopes to non-myopes. A X' test gives the probability associated with these proportions being the same in each group as p>08, (X2 RE=0-028, and X2 LE=0-058, each with df= 1). The myopic shift observed in nuclear cataract was therefore independent of whether an eye started out as being refractively myopic or hypermetropic.
Analyses of variance conducted on the data when grouped according to the patients' sex showed there to be no difference in the refractive change in the nuclear and non-nuclear cataract groups for males compared with females.
Discussion
The application of the findings of this study, may be limited by the restrictive nature of the sampling, which has been confined to a group of Caucasian British patients attending a central London practice. However, this is a good place in which to make a study of the relationship of simple myopia to cataract Nuclear * and non-nuclear0 cataract
Refractive change in 0.50D categories Fig. 6 Refractive change overfouryears ofeyes with (a) nuclear cataract and non-nuclear cataract and (b) controls (right eve data). since environmental factors in the causation of cataract are minimal. The finding of an excess incidence of cataract in the female is similar to that found by Perkins.3 It is interesting that the same ratio of female to male occurs in the controls. Although the study deals with age groups in which females predominate, since the sex ratio is the same in the cataract group and in the controls it cannot be stated that the female is more prone to cataract.
The present study differs from previous studies in that the refractive state of eyes were obtained at the time offirst presentation with cataract and compared with the refractive state of these same eyes before the (Fig. 5) had occurred in the four years preceding the presentation of cataract only in those eyes with nuclear cataract. Furthermore, there is no evidence in the data that the myopic shift is any different among eyes which were myopic or hypermetropic before the presentation with cataract. From these results it is possible to speculate that the increased prevalence of myopia among eyes with cataract is entirely due to the cataract and did not precede it. This is further substantiated by the extremely close agreement of mean refractive error between the cataract group and controls at the four-year stage preceding cataract presentation.
When the mean refractions for both ophthalmic examinations for the cataracts and the controls are plotted graphically (Fig. 7) , it can be seen that they represent two diverging groups of individuals.
By the application of Darwinian theory9 it can be suggested that each group has evolved from one common group of individuals, which is shown in the graph by the extrapolated dotted line. It is reasonable to conclude, therefore, that simple myopia does not predispose to cataract, but is the product of cataracts which include the element of nuclear sclerosis.
There is also a suggestion in the data that the combination of nuclear and subcapsular cataract (group A) produces the largest refractive change, (R -1-725 D, L -1-625 D in four years; Table 4 Horizontal bars indicate ± 1 SEM Note: the values for the non-nuclear cataracts are the corrected means following the removal of the high myopic case Fig. 7 The change in refraction with timefor eyes with nuclear cataract and non-cataractous eyes (right eye data). The broken line is extrapolated to aproposed common mean refractive status prior to the onset ofcataractous changes, which, it is suggested, occurat aboutsix years before the clinical appearance ofa cataract by slit-lamp examination. The horizontal bars indicate ± I standard error ofthe mean. The mean valuesfor the non-nuclear cataracts exclude the case ofhigh myopia (seefootnote to (Table 3 and Fig. 5 ). The finding of a myopic refractive change in a seemingly healthy eye in a middle aged or older person should therefore be considered as an indication of impending cataract.
The incidence of the different types of cataractcortical, nuclear, and subcapsular (Table 1 and Fig.  4 ) -appears similar to that observed by Foster and Benson" in patients presenting with reduced visual acuity due to cataract at a hospital in Leeds. Direct comparisons cannot be made because they classified mixed types of opacities separately and did not relate the incidence to age. In the present-study it is noteworthy that subcapsular cataract is the first to appear, presenting in the 40-44 year age group, since it is in the younger age groups that the ophthalmologist is most often asked to determine whether a cataract is spontaneous or due to exposure to drugs, irradiation, or other cause. Thus the identification of a cataract as subcapsular is not in itself evidence of a probable external cause. Perkins recorded a higher incidence of subcapsular cataract at 40% compared with 24% in the present study. The difference can be accounted for by his patients having more advanced cataract than those in the present study. A patient presenting with cortical or nuclear cataract will often develop subcapsular cataract later, which will bring them to hospital because of its more disabling effect on visual acuity. The This study shows that simple myopia does not appear to predispose to cataract. It is the development of the cataract itself, in particular nuclear sclerosis, which causes the refractive change towards myopia. The myopic change precedes the development of recognisable cataract, and it can be shown by using Bayesian statistics22 that the probability of a person over the age of 55 having nuclear sclerosis, given a refractive change of at least -1-00 D over four years, is 0-99. The healthy aging eye continues to show a gradual hypermetropic change.
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